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(54) CONVERTER CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a converter 
circuit in which high power factor can be obtained 
easily while keeping high efficiency. 
SOLUTION: In a singe phase PWM converter circuit, 
rectifying diodes 2a, 2b having low forward voltage 
drop, high speed diodes 4a, 4b having fast recovery 
performance and switching elements 3a, 3b are 
arranged to perform pulse width control. In order to 
reduce the size of a detection circuit while dealing 
with a plurality of power supply frequencies, an AC 
input voltage is short- circuited to the primary of one 
photocoupler 1 1 through a resistor element and 
secondary voltage of the photocoupler 11 is inputted 
to a control circuit 10. Frequency or period of the AC 

input voltage is calculated from the inversion period of the secondary voltage of the 
photocoupler thus determining the input frequency. 
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feW feA^i i 5 P Cout<DiLh±ft <0 t on(l) t 

ic-feT* 5 9 b#S»J t off (i) fc axffiBft&l t P \±mMMS.<n 

t"-^Btat*5„ WdSoT, \?~-V$m tp ^fe 9 
OS (tao/4) ilttWB^IJ^iA^T^'^ro-e'D^ 
B#^jT'fo!9, f— ^R#SlJ tp^^fe 2 7 OS (3 -tac/ 

4 ) 'MtMDtifMfr&htft V <dM p ^ d xa#gij(c/fe 5„ 

r W-ir d ^ n x Bf gij £ JB 1/ ^ T IE3£&x -^KD"k* a Srtt 

[ 0 0 1 9 ] 0 5 ft, ^*«HCR«a«*S«T, PBfff 

1", ?-f?y^SI@t'fe5„ ton(l), toff(l)*T 
Ht3Eft*««T*>o*: £ fiS1-5 0 r. C0B»J £ WMJDJW 
tac^rttfC, ^IfiKDPCoutro^-ffc^J t'on(2), f 

off(2)^^iSiJLT*5< 0 0 5oJ;5t, PCout^s^b 

0W»#giJ t'on(3), t * off (3) &^ffli-S„ >bL, 

*fc, PCout©*flS#*a**bfc»frtt, *BS©*to 
n(3), toff(3)«rffl^TttjEfeaSrff5. iSjE^a^ff 
5a*H0 5<75 ton (3) COtpt, mHW^^V 

ffltt t ' on (3) tSst LT^P^ffi t on (3) t 
ft, TSaffit'on(3)S:ia*iIfe-B:fc«[S:ffiffli-S. - 

^•ftftftftv^. *fc, Hfe* 4 ro»#-eA**3R»ffi 

[0 0 2 0] 0 6 ft, $IJ»@ggl OTP Cout tiiJj%m 
*iitr * * icy W X/£ fT^iP^gfj-^^t 5 fc Lfc© 
^-roMS*i'±^*i-0T"fo5 o -flS{C$lJ#p0Sg 1 Oftv 
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SrLfcv>J:5fcL"tv>5. H 6 tt 3 E*tttt*3i*H: J; 
|;/iott^. L*»Lft*Sfc, lS*olS*Sr2[E|^ili*?) 

HK©ft*pcout K»LTia*Birt©a*i*iB 

r n j t-rat r n -u »*4Ki*5wifcfc 

[0 0 2 1] 0 7&,tt>'08tt, H2fc*tt5*WE¥Jt 10 
4 ItiSltaEttERifeWSftAVdo* ©*tHSr*i-H 

T*fc5„ 1117(4, ^tHftfctf I Vac | ttt 

| lac | t PWMoutroONx^X^ £rc>§8#£ 
TjrttO-efcSo PWMoutroONr^7>fH:tlEi5t' 
nifi*T1J10 0%tt^ft45„ *fcs ArtWBEf 
— £ VpfctSI^-Ctt, PWMout ©ONfaf'f^f t 
i^ftvMI drain*: ft 5„ dmin©«tt, tu^T©A*«^ 
*fls©»»friW1-5i:» r (Vdc/Vp) - lj -C* 

Vpj ^^ft#T'feS„ tfllxtt, rv P >Vdcj ifto 20 
T^5«-p-t(4, drainttOtftS. 

PWM©ON«Mli^'f 'yf V/if 3a, 3bT-y 
hA'6fc«fc*tt*.TV*5JBII|-C*>5©'T?, ^©W 

t^IH"5= Ifci'oT, fi£(4VdcttVp(D:ftA|l:£ 
*U4\ Vdctti«V^|tfS:5££*LT^3;Li:tft9, a* 30 

**ff**ffli-5lill*tt**ft-ci^4v\ 
[0022] 0 8 007 0—^-^— M4, HjfiEsSliffilS: 

AVdc* roatMc^iesrwi-totffcs. '°)^w£.wf 

*.T<<<DMc'bW drain ttW*PHlS|l 0 ©rtgRt^SE LT 

«||Bfclia8*ff*'*t5t)©fci"5. fllfr8 l tfc^ 
T, d min#Br£©«A d J: "5 /h £ if 5 frfcWW 
•5. tU rdrain<Adj T'ifefttt, fea8 2^t31 40 
3^ ^?T*fttttU±*»S8 3t)ttP„ ^3 8 2 -CteEtffc 

llJ£!££flSH(AVdc* £®c>NSin£*> MI8 3ftt 
E«E«flEW!J£fliSH6AVdc* trffc/hJWS*, lis] cop 
SffjtS:»7i-5. Z.<D$m*'i7?Z.t\z.3:<0, Vpt 
#LTVdc#:&* < ft< T, T^7^S'Mdiii 

asfTfc^s ot, m»asi»*/jN«ife t * 5 vdcwpsii 

[0023] 19 11 010^7? h/V6<Da*fifcfrn*L 
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txtLT, *8fct J: 5»*#IS] l^fo ft S i 5 tl^ C 
%&(D="(A'ifi&1!>>tix^&. ft£, 0 9-ett###tt 

;£ft£:b^9^t-<-f 5fc£>t, #ScS: / >*<IS^TV^ 
ttJ:9, ^ s/f-V^HT 3a, 3b©x-< y^V^tJ: 

[0024] iioil El <nmM h7^n <r>jj) 

m^h^vxi 3 ttSi»7--C"fc 9 , <o# 
/H-fc^'fri: LfctU^fcftS©"?, w^/v->7 MSS&l 
4CT, MfPSKl 0 TfeST'^ SmflE^fflt^i- 
5o «jflEh7V^l 3©W*WtttWtt (A) t^-ri 

^otz$>, mt (b) tr#-f a*BWMda*4 o tra*- 

n fc fcJ: 9 *|ig©S}5f«i: P £JBfiS*tt©»«tr# 
3 ri 5„ S&lc&HMMraMM orotB^fiSf 9 
IL@K3 9tA7JLT, A^tt^roJfetffltt^&Sft 

1 0©V7 H^aT-WWiKiSSnf**. r^{cii9, 

2 n-BMoWM) mi *^Wt^5H2© 
T-fo5„ *Hi3Jro^2©^Jfe(7)^lfe(D±llgg|»iS;(4Sli 

tPMi^T-^Wlg-r-fo 1 ?, fe5VM4> 1119^020 

nm^X'^m^mxh^. mi ic^-c, e^wa 

m)IitVdc(4tti*E}S*J±l§:S{tVdc* tJB^|El^3 
7tTJt«**t» it««BEIRaHimVerrSr#5. E»tt 
«ffWMMIV«rrB:IMl7-f /u* 1 1 3 2*5 £#*];£ 

#ai 1 4 ltaitna. tt[f7^^ii3 2HE« 

ft 1 1 4 1 i4Esft«BEm^'W*Verr K i 9 <f ;v 
^113 2(DSj^5rSI«-r5 1 i>©-t'fe9> roftffto 
V>T(4^3*-t5. m&7 1 1 3 2(7)m71i4tf9 £ 

lie^«^ ttt its** 3 1 tig bthxmw&m 

'#> t|iJP!^i£l 1 4 5 tSbtu, fijPTOn^btifcm^ 
Art«iti&*- 1 I ac | * i 7fcS„ fiJPSSrJp^?.aft(±^ 

]E8tt3B&#ft3 6©Hi*W^U 019©*g-ttt 
fifitl 1 la, 11 lbti55tJI^*t*@SL, 02 0 
©l^flth7^ 2 11 C9i±5^)^7'y -r«2 1 2 
a, 2 1 2b, 2 12c, 2 1 2 dT'SS LfcfeStttBS-T 

[0 0 2 5] A^mitit^ I I ac | *ffiX\WMm& 3 8 
— ©A^HSEOSf 9£UfcJ£ I lac | t«»[llKS3 8 
TfitKStb, A*»iltS I lac | err Sr#T, ffi 
1 1 3 3 ti*«bti.S„ A^m^JI^ I 

i Iac|* f47^-K7*l7-Kia»#ftl 14 0t3i6 
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ffjtttJTJSE^filVdc* tT\ ^Vw^I^HttiTj 
liPWMout (0-7 4~ V7*V- KftWTllS^fiV, M 

4 Orort^tt^at-f-So 1 1 3 3T'ttA* 

mmm&tfis&mft-f ?> tc * ©lift tfrv * % -t 

KIS^Sl 1 4 0cOig*i:iD*-rS„ iP#fe*ttJt*E 
fil^WttJ^jPWMout Sr#5„ 4^9>& 

su mr#&, mm^m, ?-<-h°y*v-m&& io 

[0026] 012tt, Hll t*3H-5«EIRSW »V 
err 1 1 3 2 £ it/flj^© 1 14 1© 

1141, isi.xfl&Mfaffiyjfr* 120 3izxt>£ti 

£>„ ffi«iiiai7^/U^ 1 2 0 311 fU£M£fflF*V«T 

3„ [^ilil^WVU* 1 2 0 3©tti#f±;M y^Sl 
2 0 1 *3 i t«JP|f 1 2 0 7 tig b ft 5 „ flJ^IS 1 20 
1 4 1 •Cf±«ERSHf «Verr #-:tGU:fc*oT^5 
yfftl 2 0 1 J: 5 KftfltPSrff 

^'f yf^t 1201 ©ffl^eaf f 1 1 2 0 6 1 

i£fefr5 D *n#¥© 1 2 0 6 T?l±, ilg#l£ 1 20 5C 

£sitt*i*mi(r0iiM*x^*-f2. i-4*>t>, if 

S£#ftl 2 0 5 tiPjf^Sl 2 0 6T»Ss£fif$LT 
V^5. iP^^S: 1 2 0 6 oe«»±jtftflF¥a 1 2 04& 
LTiB^gS: 1 2 0 7 tig bJx5„ nw-^m. 12 0 
7T?tt, (Itli7^^? 1 2 0 3©HJ* % 1-*t3*>li 

fSl 2 0 7 0fflAB*|:«ftl 2 0 8£r£A LTEI 
1 1©**»3 ljcasfeji*. 

[0 0 2 7] 01 2fcjsrj«»ff«Glf:»?8i-*. safe 

a«i-5rtisfcs. 11 1 2 ©«$t-nu±\ mmmtt 
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L/c/lSoT. JP»^©1 2 0 7OfflAHa»«S:aAL 

fflfttfcfttf, ^j'ffll 2 0 lffltSritJ; 

[0 0 2 8] &tEl 1 1 t*srt5*IJR^S 1 1 4 5 ©If) 
flF«a*:ttWi-5. MR^Sl 1 4 5r±«SWE£*K 
#K«jR«JE{STB#©S^»f^fflOtK>T?*)5. Witt 

1-S J: 5 w - K>< y * $iJ«^ttfc < o U*» Lfc# 
MtEEfiTAt, WC**W*«BE«r#afc»t 

#SlEft3£, *K©iaSStt»*?rigCLTL.S5 0 MR 
ftll4 5Hrtb^@5i-f- 5fcfe©t>©T'fe!9, $lJPi 

[0 0 2 9] aS*t, «jR«BEiSAlJ:±#Lfc*&k:H:, 

T'^5„ r.ti(4, Ell lfc&VT, JfUS^Sl 14 1^ 
?>lfc«*«3 4fc»**7*frfr«r#i«rfcK:J:»)3ll3l 

[0 0 3 0] <Sfe(c® 1 1 tfert5««fEfty»^©»fl|7^ 
A-^113 3 OXlffKl-oW^TIftWtS. ««Eft!l»»»a, 

^iS»oNf=-7-f Sr*Sip-j-a ta*tJ; "5 1>« 

t»LT, T-7-p^a5»0BSrfflv^*t«S*H:Bll 5 
5 t fcfrS. El 1 5 -t?f±»*i9«S* 

fflV^T, 'J|il^-7°t®^R 2 i^yfvtc 1 SriI?IJ 

fc s ATO^^ttffifeiRl^ffX^tvTV^. El 16 (4 
Hi 50H*OH*fttttt4:SLfct>OT»J!>5. El 1 6 

*LTl/^5o --T% to 1 = 1/ (CI - R2) % co2 
= 1/ (C2 • Rl) Tfc5o — THtiiM-J: 5 

-C^J«^©/P-7"y^ >^ 1 t ^ S J; 5 fcRJti-fttf J; 

4 ^P^ytWiJfoJ: 5 <ei*W^!l*T?!l!if^-f 
|pia*Ttt» r©i?4M7^^Tr(i^l|^t 



(9) 
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[0 0 3 1 ] H 1 3*5£t>'H 1 4tt, -ffli 5/=t*^-t 
*9I<C*flt7^A'^JtU' J t©1«t**bTVN5. Ell 3 

/d.^ i 3 o 2ttfiW7^/^ilt*fc5. m 
f><7) 2 oro^LS^*«r JD»#© 1 3 0 3 (CTing LTtt 
«7^^SJ|«!aS:»7-t-S. 01 4tt, HI 3©& 10 

i = i/K i i D«v^n**Tn»pu ^ij^-ji-k 

ft (l/Ts) o^wJBjftft (W^FMI) K 

fcfcfcS. ^Wco aT-©Ji«#tt}4, @16(OjiS& 20 
m&i. 9 fcttttaKl^ftV^O-e, ft]|l*IKIiIft&£lC 
J:59Se£ttia*S:B6Jt'e#4. Hl3t»Lfci 

T t? i - * S T* t 5 £ t \t V ^5 4 T t> ft V \ 
[0 0 3 2] 11 1 7 *J itf H 1811 813. 1114(7) 

mrtWfciwwfcufcfcoT?**. hi 7(±bii 3 tiD« 

fc, z^mS-iSlH»7^/i^<o|l§l£^LT^So ^ 
p-^1301, MW-^m. 1303i4Hl3i:|WI C-Cfe 
5, 117 Tit, 7'ay^l 7 0 2iS113 ©^fbsp^l 
7-f^Ml 3 0 2{clftt3oTV>5 0 7*d yM 7 0 30 

2ro^31ttfat>L&v^£: tPCT'fey, ®w>¥-®tm 
&x*yy°t%Z. ttr^LT^5„ Lfc-6SoT«Jf*0a 
SrfBftftLfc%©T?3i)5. 11811 B17©*0S*S* 
©Ji&$c#teT-fc !J , ±a»i|E«£4$tt©SMB ! RHk TJ£ 

co i itiffiv^jijtic^-efiiai 4c7)#tttmcT'fc 
+#hh6t?£5. asm, hi 3-t?o*ai4, y-rx 

[0 0 3 3] fttEl iro7^-K7*!7-KIf 1 1 

?S3^Si i 4om E««ffi^:S*vdo* tAtim 
I iac i *tA7tiaj± i v ac i H77 h/HfiLS: 

d ff = (Vdc*- I Vac I ) /Vdc* + L • (I I ac I * 

- I I ac I *old) /Vdc* 50 
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r I i ac | *oidj 14 1 M*ttroME*t*ft-?*> 

S D ^ OiCcOlg— iff4#J±=i W^— ^(O'fa.T-i 
K'< y * 1 S#tt&#©£fe£r©rc*# S D 

[0 03 4] ifefc, A^ftjE I Vac | tt^PJWf? 1 CD 
^[SR P qCD/<7^frt'"k&9#SCDT\ ±ffiC9 TdffJ 

[0 0 3 5] Sfc, rtLibro^ffliJf(C0|+»S:, ffim&fti- 
5*jSctLT, Ttsro^-is toff j Iffli/^^ 

dff = (Vdc*— | Vac | ) /Vdc* 

Pil©^;f:£^t"S;c7ifet LT, JblSWilBSE 
i££laVdc* <Di>frV\z.M$k<OM$lW.I£Vdc J $>, AtlW, 

iao\+o)frt>9K.mmo?<ton.9M\ i»i 

[0 0 3 6] £[±0£?t, *^PJ!cr)«l5.t^|g2CC.* 

So 

^tmstft So 

(3) A*«W©£»fc$$LTfc££»fFtft5 

(5) 7^iiffiflM»*aiaa^©/'fx©if#«r*-Y'> 

(6) i0tt«^4«*t'>*<*SJ:5i, iti5SHJ7Jm 

(7) y=f^{r\z. iS/YX^ttS, 

(8) ElSSaM^StL^V^S^h^^^tefflT- 

■et So 

(10) A**««ffi©[gTB#t-, aMBKtttrBX-T? 

(11) A*«K«E©±#^fc, 5i«JI«1fiS:lHl»t? 
{f»4^ifi]±i-S 0 

(12) »*l«in2tLft^(0|$*t:lE|»-p«, ^«^35c 
»T"# So 

(1 3) AAlfffcWfeft^b^a^ay-f Sr*feSr 

[0 0 3 7] 4*5, ±|E^Jfe©»«T?tt, 3£[HlS&#^t 
LT, HI (H20^Pli) t>U<tt@l 90>ffimZ-£ 

3a, 3 b, iS5l^ *-K4 a, 4 b ?r-*c07-A 
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2 b *J«iiis& i i i o jc J: o ffitfeWJ^a i 

l i©1£ttfc:S-5£\ yr^ h/n o 6ffi©«;j±/&«is^ 

£#£{1, T«©*'l' y^-XfmTZ b &PWM$MP 
±«©*W 3^^**3 a $:PWM»J#ta:: kHJ: 
[0 0 3 8] ±iejt)l©»«-ett, mffti+i&ffl 
T, «ffro*tt:4*ftffl-Cft;h,tfttro#ft*:JB^"CfcA 10 

[0 0 3 9] 

138 W©»*] £*±Jfc'<fci:r.5*»feWfe4»*J:5K:* 
[0ffirofim*M] 

[Si] (a) , (b) f±, #3giJlfc:d^5Bl©*#E 20 

[H 2 ] NflS 1 ojHfcroKllfcaaJtaiMlPiaftrofta^ 

[0 3] ±EH2tt}»t5iE?£fi»^#a©»^Sr^i- 

[04] ±150 2 |C#tt5:EB**&*«©»flstT*i- 

[05] ±|E0 2 fcjatt 5 mmm'k^m.<DW)\^7f-ir 

[0 6] ±|BH2|!:j3rt5jEaat»4#«ro»^**i- 30 

[0 7] nBi©3ii*©^lit*ft5»asffits:SPS 
©fi&#iESa**i-&^0-efes o 

[0 8] RitatltffK^liSW^SI^Lfel-^o-^-V 
[0 9] WJSl©St*«>»*fc*»J6yT^ h/KBfcj* 

4r*i-^MS0-efe5„ 

[010] R|Sl©lllt©»*K:*»t5««Eb5>^«) 

ft $mm*7jk-t mm? p^am * 
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[011] *3SWfc*»*»5Jp2©a w<— ^HJS&tfcft 
[01 2] p^2©»te©^ll[-*;ct2>«J±ft'J«*© : St 

[013] R|S2Q*X0»ttK£tt3ttttffiftSOtt 

[014] ±|E0 1 3 ©Ji»#tt0T'fc5o 
[015] ^*©««IE#JWm©ffiflt7^yu^©|EltelilT 

[016] ^5!5©*Wlim©ffi«7^/W^©jl}Si;# 
tt0T-fe5 o 

[017] ±|B^2©^Jfe©^Bfc*JftS*»y#P^© 
-f SDa©8iJ©»^«r^-r«Ba^ p ? * 0T* 

[018] ±EH 1 7 ©JliSSSc#tt0T"fo2>„ 
[019] ^©aV/^-^lHlSS^i-ft^T-feSo 

[020] a*o«a*aw<-^ia»«r*i-«j*HTf 
[021] m&M\astf zmm®&<Dtim7v ^it- 

fc5„ 

[0 2 2] *^PJ^^5^3©««©3#ffl©=>V><- 

1 3£)5lfll?!I 

2 a, 2 b Ssft^-C^— K 
3a, 3b s^V^Hf^ 
4a, 4b ftiS^V^- K 

6 !)7^h/W 

I 0 

II 7^-b*7°7 

1 3 WM Y7"s* 

3 6 -mm&^WL 

4 0 m&mm®. 

4 1 ¥IJ£3M£ 

1140 7-f-K7*!7— K»»a 
114 1 

1145 iMPI^g: 

1301 

1 3 0 2 &Wi¥-n^Wt 
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(a) 



PCout 
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[HI] 



[H3] 



11 



-KM 



7f 
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PCout 



tend) t offCl ) 
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Cb) 
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, 4b ^ 

LI 



[mi 8] 



lag|Ht 
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Vdc 

37 
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- 4 c AVd^ 

^Verr- 
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MUL 



x 31 











40^ 


39-" 
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Haclerr 



4 
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34 



FWMout 



1 osc 



35 
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[18 4] 



me] 



Vac 




PCout 



[05] 



PC out 




t'.„ (2 ) t' 0 „«) tvtc.) 




L~ ? ^£ _^ 

ton(3> 




1*1* JUT 



[08] 



Start 




AVdc'H-AV 



83 



[0 7] 



[010] 



Vp 



Had 



llacl 



100%— j 



PWMout 
duty 




dmin 




dm* - -y- - 1 



/fKT 



14 



[lac]' 



IGI 



40 



KQ-Kfis) 



39 



lac" 



Had 



•tt(B) 



■ W 



(14) 



1200 1 - 45763 



[017] 



[Ull 9] 



1301 



TsKt 



St 



. XI 



1303 



1702 




I20] 




251b 251d 



[02 1] 



If 



37' 



Verr 



ilacl 



Vdc 



-32 



133 



MUL 



31 



llac*[ _ llacerrl 
+ 



^38 



i—, jut 



ON 



ilacl 



34 



OFF 
PWMout* 



AA 



osc 



35 
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[B22] 



106 



be 



13 



mm 



in 



2a 



5b — 



3b 




4b 



v 



2b 



.9a 



PWMout-a 



PWMout-b 



PC out 



Vdc 

N110 



(72)3S93# fltffl (72)3593* /WH jEM 

*Rjsn*TU**pwioo6»a feTsu 



